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nitrogen and Hydrogen were oussoc. t .rough a pack of at • e * corou-s 
r.ietal discs to obtain tempera turo listribution as a function 0/ (1 j as 
flows and (2) temperatures at which r#tal was heated. effort, >u*. 
made to obtain heat transfer per unit volume of porous metal as a 
function of (l) mass flows and {2) temperatures at which zuc metal 
\/as heated* by varying inlot gas pressures at various natal te icru- 
tures the effect of temperature on pressure drop was det. mined. 

The results show that a cool gas flowing through a heated porous 
metal very quickly assumes the temperature of the metal. iheat trans- 
fer appears to increase linearly with mass floi/ m to a certain po* it 
above which the results wore inconclusive. The vai iatio of ~ass 
flow with oressure drop w'as determined to be linear for low pressure 
drop and to increase at a greater rat© for higher pressure drops. 
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the- tt *Tpor& Iwtri rtioi of the i,a w &g a. function .i n-uio 

as a Sanction o.f :h* difference between one Vxoni .' "a 3 

and various t - no ^raturos at \s:iul t: e ‘cal v/as heated. in the in- 

- > 

v«sti£a.t» on* ItOTfovor $ it was realised that smeo the source of boat 
was external it vis necessary that boat flow fro:?* the perimeter of the 
specimens radially inward which caused a temperature variation across 
the di&neter of the specimens. This variati on produced an effect in 
the measured results. 

fhc irrrostiration as carrier out was vwr; preliminary in nature 
due to the limitations of the equipment. ~s belio/ed, nowevor, 

tnat tijis invest!. atiui provided boon useful inf or ^tlon and a btepp*.: 
off place for further investigation of this important jroelem. 
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lor .;th 11 



wco i eu j , o . Lv r 
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length kiO". 






3-1/'/*, iimer i-^/V, 



3/3” standard black: .pipe 16-l/** M Ion, . 

3/3" standard black pipe 30” lonr. 

ressure regulator* 

A'oajure pure. 

Airiace , 3.4 X. . , combustion trade t 
Plow meter > volumetric tree, 
hi cromax co^ploue with thermocouple. 

Selector switch, 11 pt. 

Potentiometer , Loots and Northrop. 

Stool discs, 3/3 ** thickness, outer uiam.t.r 2 s inn r 
diameter tapped for 3/3" pipe threads. 



carrier strips, 6 pt. 
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.• _ i. p» r : 

The ap )aratut consisted of the above listen o*wip eat 50 w .hi 
to perrit the flow of vitro pm anc' Fg logon ^areo t rou 1. «; uu>. 
hoated oorous viei>al s and the recor<#i . of th" ro ;uiro. ^.U. 

The brass, rings (itev .* 0 . 5, fig. 25) vore shnr*k w ;ko e t^l 

specimens i l ton: .,o. ", fir. ?T ) to effbct fir 1 ^ouril .s j or u ^ 

speeinensy tc invuro a r^fidy p^ut flow to the b.jcch o ana to re Vs 

a g as leak; a •© bo‘uwt?\>^ too rmngs a. id spool ions. V-Vwi *th*. r ocour/ies 
wore mounted 1 che j>rl oov ,_,aslcots by oorea^ii thb vs!:ot rawrlal 
apart anc. insert!/. we tuo mo couples racially thrown ’she o-jouhp 
25). Titis v/aa found to bo necessary hi order to insure the 
correct oositi liig of ohe th: roocoi. >lu be^ds an w pruv;.:t tJ.- 
themocouolo uuuo from causing a c es leakage. a ho riu;_,u vforo placed 
dace to face witn onree . usc^is on eac;. side of oaci: r lor, (one aoket 
on either she of the censer gasket hold n; wo Cher .ocouple) 'di * 2C 
A thermocouple mounted in each of bv/o metal specimens (the first 
and second specimens from the ran inlot end) (figs. 25 and 29 . ^11 

thermocouple loads were placed in a groove cut lo igitudinally ^lonr 
the outer side of the cylindrical pack arid lead out on nho • no outlot 
end (Fig. 23). The pack was thon inserted in the stainless steel 
tube (item ^o. 4, Figure 25). Steel discs (item jo. b. Fig. 25) 

(of same diameter as brass rings) into which the 3/8” black pines 
wore threaded were then inserted at either end of the tune. f ho 
threaded stool tubes (items bos. 1 and 10 3 bif. 25) were then timiitly 



screwed into either crv. f \ iP ; 1 .tool tube# ti ?ir ^\qs 
butt in-: against the outer faces of tao stool discs, buffici^nt 
conc ession of the brass r.i * 0 o ;/a s accomplished in this desi u 
orovent pus l-ukage to at least 100 psi as pressure. inis uiit 
nude up of the thru'' sect or. *» of tubing was thou placed in the 
jl s f h own by oho to gr a • as . 

The pas was introduced into the apparatus fron a stunaurd 250 0 
psi bottlo# through & pressure regulator valve and a cooling coil 
(*fi v 24). Fecorded pressures of the incoming gas wore ro&vl fron a 
sensitive gape mounted at the eud 0 ^ the S/d** nipe leadi. g into the 
pack. fhe ras discharged from the pack through the z/S' pice mounted 
on tho outgoing end of tho psfck into another cooling coil, lx id from 
there tc the flow .no ter. 

The thermocouple leads were lead through the clearance between 
tho steel tube anc the o/c3 ff pipe o*: the outgoing or:d to carrier 
strips mounted on the outer end of the o/'6 v pipe. Loads from the 
elovon point selector switch were connected to tho barrier strips 
and to the potentiometer permitting the ready sampling of -jo* and 
metal temperatures. 

Tho furnace temperature A as controlled by a nicromax. fhe thermo- 
couple indicating tho furnaco temperature to tho micro. ;ux was iasertr? _ 
between the outgoing steel tube and uhe outgoing 3/V* pipe# a;-. 1 huttac 
against the stoei disc which was located ajproxinat ' n the cs-.t^r 
of the furnaco. furnace temperatures recorded in ros ^ * rc 1 - 
dieated by this thjrmocouplo. 






i.li data recorded ware under conditio; 3 01 oqu* Li'or: - . 
procedure* therefore * ■..■as co * eat toe pack 1 rhe for it cc to l ^ 
desired to*? per a turo wudle che /as -/tc fi at ^he u:.: , n r 

adjust the power input to th« furnace v'ey a rheostat on -trol, to r. r. i - 
tai;. equilibrium conditions. roctnse of the 1 on - tine — u irn 4 o chan c 

the temperature pf oho pac. the furnace all f lev rates .or .0 
gas were taken at one furnace uenporaturo before e< urtr tno ur *co 
ten 00 ra tares. 

Because of the variable flow of boat from the pack alon th- 
en try pine it was impractical to keep the gas inleu temperature 
constant for all furnace torsper abures and rates of flow. . cans of 
cooling by imaersins the inlot cooling coils in CJ p ice and bloving 
cold pas over the entry pipe were employed. These methods, however, 
proved inadequate with the apparatus used. 

Tiie heated as discharged from th-' pack was oooled in a coil 
insmursed in a container of -water. Cool imp \;us necessary duo to 
tempo rat ure restrictions on cne gas x’lov/ neter. The tony:, rata re of 
the ^as onto ring the flow inter was the sa no as that trio cooli 



water 



In an effort to oo mr a,r. metal temperatures a i..ero- 

couvle was imbedded 1 each of the first too so g cl^ons fro ■si.-; i*ivt 
end of the mck. to- 1; rut* ires indicated b/ those to©^ o •■* i 
wire found to differ a snail amount fro" 1 the tr-nr iru r*o i id leased 
by the themoco -les la the ^as ~tiuin emerging from ino s'5Gcl ,, 'e *s. 
fhesc temp- rnture Jiff jh** juj ./ore lot deunrnin >d precisely, bud it 
was eonolndoc t hat tho gas temperature v/ns of oh- or ... j r of from on 
to ton degrees lower than the netnl temperature, u«paiui\ % , of cxr^o, 
on the rate of mass flow. 

By varying tho mass flow ut constant furnace t^ oaraturos , 
relative temperature distributions were d^tor: ined (figs. 1 no £;. 

-sc low mass flows the to: do ra cure 3 of the "asus were found to in- 
crease rapidly in the first few specimens and then increase at a 
slower and slower rate as the ^as conoerature approached that of 
the furnace. At higher mass flows tho . as temperatures .zero found 
to approach the furnace temperatures at a noro nearly linear rate. 

"Inal gas temperatures were hirher for lower mass flowe. 

Two rases, nitrogen and hydrogen, were flowed thr./un the Lsutea 
oorous uetal pack to obtain comparative data on mass flow, ter soiature 
distribution, and heat tr u3for, for corsca.nt pressure reps and con- 
stant furnace t*-r:p.:ra*cures. was found that mass f lo-ss i.mc a )roxi- 

la&fccly proportional to the molecular v/oi ;hts of she tr-vo pas^s. 
To^onrature distributions for the- cwo gases were i\jn.nu be u l.uiu 

due to the liritat' ris of tnc u mratuc uSv:d the heat ^tf r >ata 

obtained wore not uderju* to to make conclusive comparisons. 
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Tho external heating resulted in c^nperni.r* variations dia- 
notrically across tho specimens. iioce the pas to- ^ rat arts wore 
^ takdn at the center of tho stream they were lower than av* rapo 
tonporaturos over a cross-sect ‘ on. This effect gav. ter. joraturo 1 
gradient curves with less sio:,o than wonl? have been ?.htniaed r/ith 
nore nearly uniform ho a ting. 

■An effort wms nado to determine tire variafc ion of !ij* t transfer 
with mass flow at constant furnace to-« porchvufeo. bout, tra infer 
apoeared to increase linearly v/ith r iass flow up to a certain joint 
above which the results wore jot conclusive ( igs. Z2 and 3u). 
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From the results obtained the follov/i iff cinclucions wore cuoos 

(1) cool pas flov/l-v Into a heated porous ~otal very quickly 
assumes the temperature of the metal, 

(2) Heat transfer an -ears to increase linearly with mat flow 
up to a certain oc’nt above ’Tin cl 1 the rosults were nomcl usiv* . 

(3) The variation of mass flov with ores sure drop » r «d tor px;ru- 
turo change v/as found to ayroo with expectations 9 that is* ;'u». to 
viscosity effects, increasing ‘cenperature decreased mass flovr aid 
increasing proesuro increased mss flov/. 

(4) ..octernal heat In,; is unsatisfactory for obtaining the desired 
results. It is be! loved that nearly uniform heutir-S can be achieved 
by electrical resistance typo heatiny (soe ^ppendixj. 
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STAINLESS STEEL 8 -GARLOCK GASKETS 13-MICROMAX THERMOCOUPLE 

TUBES 9 -THERMOCOUPLE LEADS 
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Figure 26 

Complete Assembly of Apparatus 




Figure 27 

Pack Assembly in Open Furnace 
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Figure 28 

Pack and Containing Tubes 
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Figure 29 
Breakdown of Pack 
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Figure 30 

Assembly of Resistance Heating Apparatus 




Figure 31 

Breakdown of Resistance Heating Assembly 




CLiL 



riv 



-ymbols : 

« Specific heat (“‘or hydrogen is 3. Cl 3?~/%lt) 

Q - neat transfer per it voluiau o .-r un't tine vffA/in- -see, 
q * Heat transfer par unit tiro ( 3T /see) 

'* 53 Hass flow rate (lbs/soc) 

m s Hass flow rate per ueit area (l os/soc-in) 

p ® Pressure ^lbs/i n^) 

p 0 = Atmospheric pros euro - 14.7 lbs/in^) 

T 3 Temocraturc % degrees Kelvin) 

« Volumetric flov/ rato (cru. ft. /see) 

v C “ tensity of as ( v or hydrogen is 0. OOnGt Ibs/ffc^ at standard, 
pressure and ten:r. rature ) 

T 0 3 standard temperature 3 273° Kelvin 

, « Area of cross section (ins.^) 

t 3 thiclrness (in.) 



(i.) "ass Plow Calculations 
;xampl o ; Hydro^ei >as 

e = 0.0Q5G2 lbs/ft 3 
p K 14.7 Ibs/i.i 2 



T = 2* + 273 » 297° 

^ “ A_ ft S /3rfG 
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1L ( o . ve ) 2 - c . iii : 



(O. 33,:C2)(275)(14.7^ 
UC2)(. 4415, (l. ?){!:. 7 



( 3) 1-oat Jr a., si’ or Jalcul^t to/is : 




'aloulaoions lor wAc -.ua: transfer curves aC’/cou ir 



*d ^3 vero jus-.d ujO;. 
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transferred y/ ho fifth 



nurr.be'-cd fro:. ^ ns i:;l 4 “ jxxu. 



^ » -i / -*i n \ 
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Pyurogon as 

:r. “ 7. ID x 10*° lbs/in ~-s.j 0 
0 n - 3. &1 BTD'/lb - °V 
?2 s o30°r' 

? 1 - 730°*' 
t “0.1 inches 



(7. 0,(2. ljvO -10 -?»j) a 1C 
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iscuosio:: of f forts to oeoipllsfc : -ifor •>; ati i; 
of c-. opooiwe.i by doctrinal -.si 5:0 ?32 .tit" 

It was Joter.l.iec eh_ w.-.orfcc n: 1 of • «. ‘-ro 0 

u sod wC r-.ake che susjoct stu y ;,io t-.j u>:t«rr..-l L at inn* ch rt*s 
considerably fro**; tho design „'t jr. .-atinc;. 

^abseq teat to :ost of 1 >0 •'reparation l -A '• :« ' -jrt on . 'fnft 
was rado to accomplish uni for/: ho* tiny by alectri :.el !\oio.a.;v 
inati. • A 47 r - porous spccirica co taj.nin., 20, iro 1 u id ^0 nickel 
was ore Dared in a nouifiec. nureboll ...ape ( if. ol ; . CAc- cantor 
section was solid ana c/1 . lyrical „ 1/2 inches in diajttotcr ana 4 
inches lor. Tnc on is here colie a *d cyli rno-1 b/4 1 cues 1: Jb«- 

inetcr and each 1 iich lo i~. In order to oao:, as axiallv thrrr* A 

^ <» 

the 3oooiF»en , copper tool y; was fitted over and silv« r 301% "fcd uo 
the ends, the specimen. - f landed joint 1 I.’, oj vac olacoe in 
each cop) oe r tube to permit the introduction of thcr ’ocouplus into sir; 

1 n corn in/ » id out-oiuf :ao streams. The lar f> e specimen e. •vJLw \jO 7 G 
connected to th .* lorhi lals of a variable ro w r source ha . i 1 : 1J0 Aon. 
maximum available *)0 nor. Thu ;:as was lea' in aui out through so ran 

tubiny to provide electrical insulation. Approximately 0 kva apolic 1 
at ?f volts and 220 a... ijoros was found to oe adequate to heat the 

center section of t. o s/ocinon to a bri ht cherry re* „ It vrls 

» 

rvacily s that whil*? a ~a< 1 been made in tin efforts to 
acccr. ulish uiifor jctl.y acres* cho c^.it r Si-cyt ' 'ji, the i^r/e ores 
aid the heavy copper tori Inals ^ram p Amt 0 / s t± tue of 



uhe je.rar section cau^i » 
compare 3 to t ;o cj'urn’ rod 
platiar \**ro ouch tried in 
surface as iimfo. ,ach vr 
escape pas radially. T 



t : . . io at a ’ l * ,iv2lv lew .enp • rn " i r«? 
o .t . dli ^ o olich*, *j l. nd chronluT 

^uho n its to rmtV t.nc .;x.ch;' J f: 
as : ou i ’ to oe l.ade a to to prcvtn> the 
nos** cog^l * cations led to ditcardi ; tno 



set-up as arcana for .ahim qaautita hi /e obc^rvut* ns. 7 reforc- # 



no mine ri cal data wore recorded fro-' tVw ohsonmti 3i.c 



of f .io eq. lo- 



ne nt. 



It is believed th* t both of the oefore nerfeio sci shortcomings 
of t; is a ,varatus can bo ninirizeu or eliminated bp tim ice of a 
hollow cylinder. la this set-up a hoi low cylinder would be >;eatec 
by electrical resistance u-»atii * while a as introduced from the open 
ends is flowed radially outward and sa~>olod to determine teniX) ratures 
The problem of seal ine tho soocinen surface would bo eliminated. 

It is believed tliet if th-i tube is v nado long relative to its petal 
cross sectional area tho ''low of h at into the ends an * power ter- 
minals would be minimized and a re & enable degree of uniform hcabiti? 
would bo accomplished. % using a thicinooc w*.Ioh vac small 
to the length of the solid dumbo 1 1 spociiaau, described above , a 
relatively large r ucs flow could be realized. 
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